A method of affinity labelling proteins specifically associated with DNA target sequences is proposed. The method utilizes covalent UV-crosslinking of proteins to highly labelled DNA (e.g. in crude cell or nuclear extracts) followed by degradation of the DNA to short oligonucleotides. Proteins selectively labelled by attached residual oligonucleotides are readily amenable to molecular mass determination. Using this approach, we have characterized a HeLa polypeptlde specifically bound to a short segment of the adenovirus-2 major late promoter (Ad2 MLP). A molecular mass value (~51 kD) and precise location of the crossllnklng slte(s) of the protein within the MLP (-55 with respect to the cap site) were determined.
INTRODUCTION
In recent years a number of investigators have been studying the mechanisms of transcrlptional control of eukaryotic protein-coding genes (class II genes). Control and promoter regions of these genes are known to contain distinct DNA elements, usually located upstream and in cis with respect to the transcription initiation site, which determine the position of this site and also modulate the effectiveness of transcription (1,2).
There is evidence that the effects of the upstream elements are mediated by sequence-specific proteins called transcription factors (for reviews see 3,4). Isolation and characterization of transcription factors, including determination of their abundance and activity throughout cell growth and development, are indispensable for understanding the principles of transcription control.
In spite of efforts few proteins related to eukaryotic transcription factors have been well characterized up to now (5-9), primarily due to the very low content of these factors in the cell. Transcription factors have in most cases been analysed by purification using affinity or standard chromatography as well as by experiments revealing protection of control and/or promoter elements from DNasel attack (10) or chemical modification (11) .
In the present work we demonstrate an alternative approach which allows one to measure molecular mass values and thus Identify sequence-specific DNA-blndlng proteins even In crude protein extracts. The approach is based on affinity labelling of proteins selectively bound to DNA target sequences of interest. In brief, the procedure is as follows. Cloned and uniformly labelled P DNA of the region of interest is incubated with whole cell, nuclear or other protein extracts. In the presence of a large excess of unlabelled foreign competitor DNA the promoter DNA binds predominantly sequence-specific proteins. The incubation mixture is then irradiated with ultraviolet (UV) light, resulting in the formation of covalently linked DNA-proteln complexes (DNP's) which can be electrophoretically separated and recovered from gels in the form of individual DNP's. DNA within each DNP is enzymatically or chemically degraded to short oligonucleotides. The residual radloactlvely labelled oligonucleotides crosslinked to proteins selectively mark the polypeptide chains bound to the promoter DNA (12) (13) (14) (15) . An overwhelming proportion of other (non-specific) DNA-binding proteins associate with the unlabelled competitor DNA. The proteins affinity labelled in this way are readily amenable to molecular mass determination using SDS-PAGE.
This approach was used to study DNA-proteln interactions in mixtures of the Ad2 MLP region with a HeLa whole cell protein extract (WCE). Transcription from this promoter has been extensively studied in recent years in vivo and in vitro. The Ad2 MLP was shown to contain at least two transcrlptlonal control regions. The first one (-21 to -31 with respect to the cap site) determines the correct placement of RNA polymerase II on the DNA (9,16), while the second one (-53 to -62) seems to be necessary for effective transcription in vivo and in vitro (6, 17, 18) . Mutations in the latter region reduce the effectiveness of transcription by a factor of 3-5 (18) . The affinity labelling procedure described above allowed us to udentify a HeLa polypeptide specifically binding the Ad2 MLP, to measure its molecular mass (~51 kD) and to map the site of its covalent crossllnking to the MLP (-55).
MATERIALS AND METHODS
Restriction endonucleases, alkaline phosphatase of E. coll, T4 DNA-ligase, T4 DNA polymerase, Klenow fragment of E. coli DNA polymerase I, exonuclease III of E. coli, 5'-exonuclease of \ phage were obtained from "Ferment" (USSR). DNasel (Worthington), staphylococcal nuclease and poly d(AT) (Boehrlnger-Mannhelm), pronase (Calbiochem), deoxynucleoside triphosphates, HEPES and E. coll tRNA (Sigma) were used, [a-P]dCTP with a specific activity of 3000 Ci/mmole was obtained from "Izotop" (USSR).
The 17-nt M13 sequencing primer was prepared by Dr B.K. Chernov. 5'-Bromo-2'-deoxyurldine trlphosphate (BrdU) was obtained by bromlnatlon of 2'-deoxyurldine triphosphate (sodium salt, Sigma) and purified by ion-exchange chromatography on DEAE-cellulose. Plasmlds, phaqes and DNA fragments A -250 to +32 Ad2 MLP fragment was cut out of plasmid pip4 (17) with restriction endonucleases Hindlll and Xhol and reclon-ed between the polylinker Hindlll and Sail sites of phages M13mpl8 and M13mpl9 (19) using standard protocols (20) .
Unlabelled MLP for competition experiments was the Hlndlll--Xhol fragment of pq>4 isolated by electrophoresls on an agarose gel (21).
The Sall-Bglll fragment of 3'-structural portion of the Drosophila hsp 70 gene of the insert 132 E3 (22) was electrophoretlcally purified and used as non-promoter DNA. A whole cell extract of HeLa S3 grown in suspension culture was prepared as previously described (23) .
The band shift assay in polyacrylamide gels for MLP DNA mixed with a WCE HeLa was carried out according to (24) . Preparation of labelled and BrdU-substltuted MLP 1 fxg M13 DNA with an insert of the MLP (annealed with the 17-nt sequencing primer) was dissolved in 20 ul of a buffer containing 50 mM Tris-HCl, pH 7.5, 10 mM MgCl 0.1 mM dlthlotreitol (DTT), 50 ug/ml BSA, 25.JUM of each dATP, dGTP, BrdU (trlphosphate), and 150 ^Ci [a-P]dCTP. After the addition of 2 unites of the Klenow fragment the mixture was incubated for 1 h at 20 C, then dCTP was added to a final concentration of 50 ^uM, and the incubation was continued for additional 20 min. To stop the reaction, 5 M sodium chloride was added to a concentration of 50 mM, and the enzyme was inactivated by heating for 15 min at 65°C. The DNA in the mixture was cut with restriction endonucleases Hindlll and BamHI (using 5 units of each) for 30 min at 37 C. The digestion was stopped by the addition of 1/10 volume of 2* SDS, 0.2 M Na EDTA, 50* glycerol, 0.025* bromophenol blue, and the resulting mixture was applied to a non-denaturing 12SS polyacrylamide gel in a Tris-acetate buffer system (20) .
An autoradiographlcally localized MLP band was excised from the gel, MLP DNA was eluted from the gel pieces as described (25) , precipitated with ethanol, washed and redlssolved in a minimum volume of TE buffer (10 mM Tris-HCl, pH 8.0, 1 mM Na EDTA).
As a result, double stranded MLP DNA was obtained in which one of the strands (referred to as the bl-strand) was labelled with P cytidine residues and contained BrdU residues substituted for thymidine. Bl-coding and bl-noncoding strands were synthesized using Inserts in M13mpl8 and M13mpl9, respectively. Substitution of thymidine residues by BrdU results in an Increase of the yield of DNA-proteln UV-crossllnks by an order of magnitude.
For the treatment with \ 5'-exonuclease, the MLP with bl-coding strand was synthesized as above but after heat inactlvation of the enzyme the DNA was first cleaved with Hindlll only, the sticky end being filled in with freshly added Klenow fragment and cold nucleoslde triphosphates. The enzyme was again heat inactivated, and the MLP with a blunt Hindlll end was excised with BamHI and isolated as described above. UV-crosslinking and isolation of crossllnked DNP's Labelled MLP (0.5 ng) was mixed with a WCE HeLa (1-5 /ig Q of protein) and poly d(AT)(1.5 jig) and Incubated for 30 min at 30 in 15 fil of 15 mM HEPES-NaOH, pH 7.9, 60 mM KC1, 7 mM MgCl , 0.3 mM Na.EDTA, 1.2 mM DTT, 10* glycerol. In a preparative version the amount of MLP was increased to 10-20 ng with a proportional Increase in WCE, poly d(AT), and the reaction volume.
The incubated mixture was transferred to a quartz cell with an optical path length of 1 mm and irradiated with UV-llght at 254 run at an intensity of 1.2X10 1 photon/mln cm (1.6 W/m ) for 3-10 rain. Crosslinlced DNP's were enriched by separation from th< bulk of uncrosslinked DNA using sorptlon on a phenol/buffer interface (26) after addition of an equal volume of 2xBEP buffer (0.1 M Trls-HCl, pH 8.0, 1 M NaCl, 2* SDS) and 15-min incubation at 50 C. The enriched DNP's were ethanol precipitated, washed, and redissolved in 25 fxl of 50 mM Trls-HCl buffer, pH 6.8, 10X glycerol, 5* SDS, 3% 2-mercaptoethanol. The solution was then heated for 30 min at 50°C and applied to a 5% SDS-polyacrylamide gel according to (27) . Nuclease digestion of DNP's (DNA to protein label transfer)
Autoradlographically localized DNP bands were excised from the gel and Individual DNP's were eluted as described (25) using a Mg-free buffer containing 15 p.g/ml tRNA. The eluted DNP's were precipitated with ethanol, washed and redlssolved each in 20-30 ul of TE buffer. To the solutions 1/10 volume of 0.5 M Tris-HCl, pH 8.0, 50 mM MgCl , phenylmethylsulphonyl fluoride to a concentration of 075 mM and 20 units of DNasel were added. The reaction was conducted for 2-30 min at 37 C and terminated by addition of SDS, glycerol and bromophenol blue to concentrations of 2, 20 and 0.0025*, respectively. After heating for 5 min at 100 C digested DNP's were applied to a 15* SDS-polyacrylamlde gel according to (27) .
Digestion with staphylococcal nuclease was done for 5 min at 37 C in 50 mM Trls-HCl buffer, pH 7.5, 5 mM CaCl 2 in the presence of 30 units of the enzyme. Polyacrylamlde gel electrophoresis PAGE was performed in slabs (17x17x0.1 cm). For two-dimensional electrophoresis of the "band shift-DNP" type a first dimension gel strip ("band shift") was excised from the gel, immersed and Incubated in 50 mM Trls-HCl, pH 6.8, 1* SDS, 2* 2-mercaptoethanol for 30 min at 65 C and then put on the top of a 5* SDS-polyacrylaraide gel (27) for electrophoresis in the second dimension.
For two-dimensional PAGE of the type "DNP-protein" a first dimension gel strip (crossljnked DNP) was cut out of the gel, immersed in 50 mM Tris-HCl buffer, pH 8.0, 5 mM MgCl and incubated for 30 min at 37 C and then for additional 30 min In the presence of 30 units/ml of DNAsel. The strip was next incubated in 50 mM Tris-HCl, pH 6.8, 1* SDS, 2* 2-mercaptoethanol for 10 min at 100 C and put on the top of a 12* SDS-polyacrylamlde gel for separation in the second dimension.
Denaturing PAGE of DNA was done on 6% polyacrylamide gels containing 7 M urea in a Trls-borate buffer as described (25) .
One-and two-dimensional analytical gels were dried (after removal of urea, if necessary) and autoradiographed. Exonuclease footprlntlnq Individual DNP's prepared as described for DNasel treatment were digested in 60 ul of a buffer for T4 DNA polymerase (33 mM Tris-OAc, pH 7.9, 10 mM MgOAc, 66 mM KOAc, 0.5 mM DTT, 100 ng/ml BSA) containing 3 units of T4 DNA-polymerase and 4 units of ExoIII. The reaction mixture was Incubated for 30 min at 37 C (limit-digest conditions), and the reaction was terminated by an addition of 40 pi of a stop-buffer (1* SDS, 40 mM Na EDTA, 0.5 mg/ml sheared calf thymus DNA). This was followed by a pronase treatment (0.5 mg/ml, 1.5 h, 37°C), phenol deproteinlzatlon, ethanol precipitation, redissolution in formamlde and heat denaturation of DNA (20, 25) . Finally, the DNA products of exonuclease digestion were electrophoresed on a 6SS denaturing polyacrylamide gel.
Digestion of DNP's with 5'-Exo was done for 1 h at 37°C in 30 ill of a buffer (7 mM glycine, pH 9.4, 3 mM MgCl , 3 mM 2-mercaptoethanol) containing 5 units of the enzyme. To stop the reaction, 40 ul of the stop-buffer and 30 ^il of distilled water were added. Further treatment and PAGE of the DNA products were as described for 3'-exonuclease. Restriction endonuclease "footprintlnq" Individual DNP's prepared as above were dissolved in 60 ul of a low salt restriction endonuclease buffer, pH 7.5 (20) , containing 0.5 mg/ml BSA, and digested with 12 units of restriction endonuclease MboII for 2 h at 37 C. 50 fig BSA, 40 p.1 of distilled water and 100 ^il of 2xBEP buffer were then added, and the procedure of DNP enrichment on a phenol/buffer interface (see above) was repeated 3 times. To ether-extracted aqueous phases containing enriched DNP's (~ 50 ul) 2 volumes of distilled water were added followed by pronase treatment (0.3 mg/ml, 2 h, 37 C). Further treatment and PAGE of the resulting DNA was as described for the exonuclease footprintlg.
The products of the digestion not retained on the interface (protein-free DNA) were also collected, deprotelnized, ethanol precipitated and similarly analysed on 6SS denaturing polyacrylamide gels. RESULTS DNA-protein complexes in non-denaturing gels ("the band shift assay")
To optimize the conditions of DNA-protein binding we used the band shift assay based on the reduction of electrophoretic mobility of a DNA fragment when it is complexed with protein molecules (28, 29) . The MLP fragment ( Under the same conditions the Intensities of the minor band B and the other minor bands are considerably less sensitive, indicating that these represent non-specific protein-DNA interactions. Alternatively, the proteins In these DNP's may be very abundant in the protein extract.
Similar tltratlon with non-promoter DNA fragments, as expected, fails to change the intensity of any DNP bands. with UV-llght followed by the removal of excess uncrossllnked DNA (only a small fraction of the DNA is crosslinked to proteins under the conditions used, see Discussion). Enriched covalently crosslinked DNP's were separated by SDS-PAGE. The autoradiographs of the gels for MLP containing bl-codlng and bl--noncoding strands are shown in Fig. 3 . The lane 1 for the MLP witn bl-codlng strand contains three prominent bands (DNP-1, -2 and -3) and several minor bands. For the MLP with bl-noncoding strand there can be also seen a number of dominant (DNP-4, -5 and -6) and minor bands. The DNP bands are absent when UV-lrradlatlon is omitted and disappear after pronase treatment (data not shown). The radioactive bands in Fig. 3 thus seem to represent the DNP species formed due to covalent crosslinking of the proteins to labelled MLP fragments under UV-lrradiation.
The DNP bands representing proteins crosslinked to either bl-codlng or bl-noncodlng strands are qualitatively very much alike but quantitatively differ considerably. In particular, the major bands of DNP's on lane 1 correspond to the minor bands on lane 2 (or are absent) and vice versa. This indicates 1-3, respectively) . B, lanes 4-6, the same as A, lanes 1-3, respectively, but for MLP with bl-noncodlng strand. Major DNP bands are numbered. Fig. 3  practically coincide (data not shown) .
unequal effectiveness of MLP-protein crossllnking by UV-radiation for MLP's with different bl-strands. It should be noted that for labelled but not BrdU substituted MLP fragments the patterns analogous to those in
The specificity of MLP-proteln UV-crosslinking was verified by adding excess unlabelled MLP or non-promoter DNA fragments prior to UV-irradiation, as was done In the band shift assay. Unlabelled MLP competes effectively with the labelled MLP for binding of the DNP-1 protein (Fig. 4 A) , as shown by a decrease and then disappearance of the DNP-1 band following the stepwise addition of cold MLP. The same titration does not affect the other major bands (DNP-2 and DNP-3 for the bl-coding strand, and DNP-4, -5 and -6 for the bl-noncoding strand) or the minor bands. A 30-fold excess of the non-promoter DNA fragment also has no effect on Intensities of any DNP bands (data not shown).
We note that, as judged from the competition experiments, the only protein specifically binding MLP is that contained in the DNP-1. Other MLP-proteln adducts seem to Incorporate DNP 2-ONP 1 Fig. 5 . Two-dimensional PAGE "band shift-crosslinked DNP". MLP with bl-coding strand (2 ng) was mixed with a HeLa WCE (3.5 jag of protein) and poly d(AT)(3 ^ag), UV-irradlated and electrophoresed on a low ionic strength A% polyacrylamide gel (first dimension). 5X SDS-polyacrylamide gel (second dimension).
proteins which are non-specific and/or highly abundant in the protein extracts. Correlation between the proteins binding MLP in the band shift assay and those crosslinked to MLP by UV-llqht
To correlate the DNP bands in the band shift assay (Pig. 2) with patterns of UV-crosslinked MLP-protein complexes (Fig. 3 ) a UV-irradiated mixture was analysed on two-dimensional gels. The first dimension was run in the conditions of the band shift assay. Except for a slight broadening of the bands, the pattern did not differ from that without UV-irradiation. In the second dimension the material was separated by SDS-PAGE. An autoradiograph of a resulting two-dimensional gel for MLP with bl-coding strand (Fig. 5 ) reveals that bands A and B in the band shift assay comigrate In the first dimension with crosslinked DNP-1 and DNP-3, respectively. In spite of considerable difference in electrophoretlc mobilities on SDS-polyacrylamide gels, DNP-1 and DNP-3 almost (but not entirely) comigrate under non-denaturing conditions.
The identity of the proteins Involved in the formation of the DNP-1 and the DNP of band A Is supported by similar sensitivity of these DNP's to titration with unlabelled MLP. The unexpected ratio of intensities for the DNP-1 and DNP-3 spots in 3 and 5). An apparent molecular mass value for the protein of DNP-1, measured In three independent experiments, was found to be 50.6+1.2 kD (Fig. 6, lane 3) . For the sake of convenience, this protein will be further referred to as pf 51 (protein factor), and the procedure described as DNA to protein label transfer. Characterization of proteins of non-specific DNP's To obtain the total molecular mass spectrum of all the proteins crosslInked to the MLP we used two-dimensional SDS-PAGE where UV-crosslinked DNP's were separated in the first dimension, and the proteins after the label transfer were separated In the second dimension. A gel of this kind for the MLP with bl-coding strand is shown In Fig. 7 . Apart from the dominating spot 1 of pf51 there are protein spots corresponding to apparent molecular mass values of 100 and 130 kD from the zone of DNP-2, 230-240 kD from DNP-3, as well as several other spots of 230-240 kD proteins.
As seen from the pattern In Fig. 7A , electrophoretic mobilities of DNP's in the first dimension are in general inversly proportional to the molecular mass values of their associated proteins, although there are noticeable deviations. For example, DNP corresponding to a 130-kD protein (spot 3) migrates slightly faster than that having a 100-kD protein (spot 2).
A protein spectrum on an analogous two-dimensional gel for the MLP with bl-noncoding strand (Fig. 7B ) Is different from that for bl-coding strand. In particular, the pf51 spot is practically absent, in agreement with asymmetric crosslinking of this protein to complementary bl-strands of MLP DNA. DNP-4 contains a protein with a molecular mass value of ~130 kD, DNP-5 of ~130 and 230-240 kD, and DNP-6 of 230-24O kD. Location of proteins on DNA (footprlntlnq)
To precisely localize the sites of protein crosslinking to DNA in various DNP's, the DNP's were digested with 3 1 -and 5'-exonucleases. The exonuclease footprinting relies on a supposition that a nucleotide with a covalently crosslinked protein chain is an obstacle for exonucleases processing along DNA.
In the footprinting with 5'-exonuclease of \ phage (5'-Exo) only the bl-coding strand of the MLP could serve as substrate due to selective filllng-in of a Hindlll sticky end prior to UV--irradiation.
For 3'-5' single strand digestion we took advantage of a combined action of exonuclease III from E.coli (ExoIII) and 3'-exonuclease activity of T4 phage DNA-polymerase (3'-ExoT4).The mixture of the enzymes overcomes non-specific DNA "stop-sites" (barriers for exonucleases) much more effectively than each enzyme taken separately. The "stop-sites" can be readily seen in control digests of free MLP (Fig. 8A, lane 1) . (Fig. 8B) .
Statistical analysis of exonuclease-resistant DNA for three independent experiments shows that the major site of pf51 crosslinking to MLP coding strand is mapped at position -92+2 nt from the 5'-terminal nucleotlde or at -55+2 nt from the cap site (29) (Fig. 1) . Taking into account preferential crosslinking of proteins to BrdU residues it would be reasonable to assume that the exact site of pf51 crosslinking to the MLP coding strand is a BrdU residue at positions -53 or -58 (or both of them) (Fig. 1) Due to the lower efficiency of UV-crossllnking of pf5l to the MLP bl-noncoding strand, a similar analysis for this strand was impossible.
The existence of minor pf51 crosslinklng sites at positions +13 and +21 with respect to the cap site, inside the structural part of the gene, was not confirmed by digestion with 5'-Exo. However, it cannot be excluded that expected "complementary" exonuclease resistant DNA fragments (290 and 282 nt) are obscured by non-specific bands migrating within the same region of the gel (Fig. 8B, lane 2) . Anyway, the question of the existence of these minor crosslinklng sites remains open.
Exonuclease footprintlng of "non-specific" DNP-2 and DNP-3 (both with bl-coding and bl-noncoding strands) does not reveal any bands other than those present in control MLP digests (data not shown). This finding could be accounted for by a multiplicity of protein crosslinklng sites on the DNA of DNP-2 and DNP-3 and the lack of any preferential crosslinking site.
To check this possibility, DNP-2 and DNP-3 were partially digested wth restriction endonuclease MboII under conditions when the site at -104 was split to a much greater extent than that at -4 (see the map in Fig. 1) . As a result, over 90% of the DNA fell apart into two closely sized fragments (162 and 141 nt along the coding strand). Free DNA was removed from the digests by phenol extraction (see Materials and methods), and the enriched DNP's were deproteinlzed and analysed by denaturing PAGE (Fig. 9, lanes 2 and 3) . It can be seen that both halves of DNP-2 and DNP-3 are retained on a phenol/buffer Interface with a ratio close to 1:1. Control digests of free MLP DNA are not appreciably retained on the interface (data not shown). This Indicates that DNA-protein crosslinklng sites are more or less evenly distributed between the two halves of DNP-2 and DNP-3 DNA, in accord with the existence of multiple crosslinking sites.
Surprisingly, an application of the "restriction endonuclease footprinting" to DNP-1 also detects molecules of pf51 crossllnked to both halves of MLP DNA although in this case the contacts with the right half, containing the preferential crosslinking site, predominate (Fig. 9, lanes 1 and 4) . Insofar as the probability of simultaneous crosslinking of two protein molecules to the same MLP fragment Is extremely low. It appears that apart from the site of pf51 at -55, the MLP also contains other sites of lower affinity If there were few minor sites and they were strictly localized within the MLP, all of them could probably be revealed by exonuclease footprinting but this is evidently not the case. Therefore the minor sites appear to be dispersed.
It is conceivable that UV-irradiation can fix on DNA the protein molecules involved in one-dimensional diffusion (and therefore localized randomly). Further studies are needed to clarify this possibility unambiguously.
DISCUSSION
The experiments reported here clearly demonstrate that UV--fixation of proteins on highly labelled DNA followed by the transfer of the label to these proteins allows one to identify them by molecular mass determination even at a rather low yield of UV--crosslinklng ( < 0.5*). Under the conditions used this value Is close to a maximum one since attempts to further increase the yield using longer irradiation times encountered undesirable increase in UV-damaging of the DNA. On the other hand, low efficiency of crosslinking makes simultaneous crosslinking of two or more protein molecules to the same DNA fragment highly Improbable, simplifying later analysis.
The conditions chosen for the band shift assay and UV-cross-1 inking of proteins to the MLP correspond to those of the in vitro transcription reaction (23, and our unpublished results) except for the addition of a large excess of competitor poly d(AT) and the lack of nucleoslde triphosphates. The pattern of DNP bands for the MLP in the band shift assay (Fig. 2) and their sensitivity to the titration with unlabelled MLP closely resemble those described earlier for the similar Ad2 MLP fragment (24) .
Markedly different effectiveness of UV-crossllnking of the proteins to bl-coding and bl-noncodlng strands of MLP DNA (Fig. 3) can be explained both by preferential interaction of the protein molecules with only one of the two strands and by asymmetric distribution of BrdU residues within the complementary strands. An effect of BrdU distribution is evident from the identity of DNP electrophoresis patterns for different MLP strands which are radioactively labelled but not substituted by BrdU. This does not, however, rules out selective Interaction of proteins with only one of two complementary MLP strands.
The molecular mass value of the sequence-specific protein pf51 ( rj 51 kD) is close to an earlier predicted value of 55±8 kD for a similar, if not identical, transcription factor USF partially purified from HeLa protein extracts (7) . However, in the work of these authors direct assignment of the protein bands visible on the gel to USF is difficult.
We have also detected several proteins Incorporated In non--speciflc MLP-protein complexes and measured their apparent molecular mass values. None of them have a molecular mass value below 50 kD. Earlier work has described the partial purification of a 43-kD STF factor present In a HeLa WCE which presumably binds to the TATA-box region of the Ad2 MLP (9) . The lack of STF-like proteins in our tests could be explained in several ways. Perhaps most pertinent is the question of whether all of the proteins bound to DNA can be fixed by UV-lrradlatlon. Taking into account a pronounced dependence of the yield of UV-fixed DNP's on the nature of proteins (as revealed by the differing Intensities of DNP bands In the band shift assay and those of the corresponding crosslinked DNP's) and on the distribution of BrdU residues in DNA strands, the answer should be rather negative. In other words, some MLP-blnding protein species probably can avoid covalent croosslinking while other species will be readily crosslinked to DNA.
Exonuclease footprintlng of pf51 covalently bound to the MLP allowed us to localize the site of its fixation at -55+2 nt from the transcription start site. Since an exonuclease can be expected to stop at some short distance from the sites of polypeptlde chain attachment to DNA (probably 0-3 nt), it seems reasonable to assume that pfSl is actually crosslinked to a single nucleotide. This nucleotide is most probably one of the BrdU residues at positions -53 or -58. Both the residues map within an Ad2 MLP region previously Identified as a binding site of transcription factors USF (-63 to -32) (6) and UEF (-67 to -50)(7), suggesting a similarity or identity of those factors to pf51.
The described affinity labelling of proteins is a versatile method which can be applied to analysis of proteins recognizing any DNA sequences of interest (promoters, enhancers etc.).
